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Abstract: The effects of pulsing electromagnetic fields ( PEMFs) on cells are very important subjects in the field of 
bioelectromagnetics. In this experiment, the cytogenetic effecis of PEMF on domestic pig lymphocytes were tested in v- 
ro. Pig lymphocytes in RPMI 1640 medium were exposed to PEMFs of 100 kHz and 200 kHz for 12, 24 and 48 hours. 
Chromosomal aberrations (aneuploidy. breaks, gaps. et af.) were significantly increased in exposed cultures, and of 
these aberrations, 56% chromosomal or chromatid breaks and 42% gaps induced by PEMFs were the points of pig chro- 
mosomal fragile sites. The baseline frequency of sister-chromatid exchange (SCE) increased after exposing lymphocytes 
continuously to PEMFs of 100 kHz and 200 kHz for 48 hours. These results suggested thai the exposure to PEMFs might in- 


duce a type of DNA lesion and chromosomal aberrations. 
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The pulsing electromagnetic fields {PEMFs } re- 
sulting from lightning strokes, nuclear bursts and radar 
transmitters as well as from high-voltage electrical ener- 
gy generation are fairly well known. Electromagnetic 
fields have been shown to influence a variety of biologi- 
cal processes, including cell proliferation ( Cossarizza 
et al., 1989), DNA synthesis (Sollazzo et al., 
1996) and DNA transcription (Lin et al., 1996), 
and have been clinically applied to stimulate bone 
healing (Fini et al., 1995). Physical and chemical a- 
gents that interfere with DNÀ synthesis are known to 
influence the formation of sister-chromatid exchange 
(SCE) and chromosomal aberration (CA). So these 
two events are being extensively used as sensitive indi- 
cators of genetic damages in both laboratory animals 
and human. Laboratory investigations with controlled 
electromagnetic exposure conditions have given con- 
flicting cytogenetic effects, Although positive CA was 
reported in Ehrlich ascites 
( Mitchell et al., 1978}, as well as in bovine and hu- 
man lymphocytes (Ambrosio et al., 1985; Khalil & 
Qassem, 1991), negative findings about CA have 
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been shown for human lymphocytes (Cohen et al., 
1986). Negative results regarding the level of SCE 
have also been reported in Chinese hamster cells 
(Takabashi et al., 1987} and in bovine ( Ambrosio et 
al., 1985} and human lymphocytes ( Khalil & 
Qassem, 1993). Similar discrepancy is encountered in 
long-term studies. Strong evidence for potential genetic 
hazards due to electromagnetic fields has been provided 
by one study but not by another one. 

In view of these conflicting results. we further e- 
valuated the possible cytogenetic effects of PEMFs on 
domestic pig lymphocytes in vitro with respect to CA 
and SCE, which have been suggested to be bench- 
marks for implementation of environmental control and 


medical surveillance . 


1 Materials and Methods 


1.1 Cell culture and exposure 

Domestic pig ( Landrace) lymphocytes from pe- 
ripheral blood (jugular vein) were cultured for 72 
hours at 38.2*C in RPMI 1640 medium supplemented 
with 20% heatinactivated fetal bovine serum, 3% 
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phytohemaggiutinin ( PHA ) and doubie antibiotics. Af- 
ter culture initiation, culture flasks were placed in a 
BTEM Celi (Zou et al.. 1999), a source of pulsing 
electromagnetic fields, and were kept in the electro- 
magnetic fields for I2, 24 and 48 hours respectively. 
After the specified exposure time, the cultures were 
transferred, for the remaining culture period, to an e- 
quivalent incubator along with the control cuitures 
where no electromagnetic field was detectable. The pa- 
rameters of PEMFs sources were: rising time of pulse 
1.2ns, duration time 2.4 ns, amplitude 80 - 100 V, 
repetition 100 kHz and 200 kHz. To each culture 0.04 
ug/mL colcemid was added 3 hours before harvested to 
prepare chromosome . 
1.2 Chromosome preparation and G-band dis- 
play 

After harvesting the cultures, chromosome prepa- 
rations were made according to a standard protocol and 
the slides were air-dried and stained using Ciemsa 
technique (Chen et al., 1993). Then the types of 
chromosomal aberrations were analyzed among 300 
well-spread metaphases in each group. To locate the 
chromosomal breaks and gaps, the G-banded kary- 
atypes were established after having determined the 
chromosomal aberrations. The G-band of chromosome 
was displayed according to Chen et al. (1993), 
1.3 Analysis of sister chromatid exchange 

The method of pig lymphocyte culture and expo- 
sure to PEMFs was the same above. In the flasks con- 
taining celis for sister-chromatid exchange (SCE) stud- 
ies, bromodeoxyuridine {BrdU . final concentration 10 
pg/mL) was added 48 hours before ceil collection. 
Chromosome preparations were made as above. The 
frequency of induced SCE was determined by scoring 


100 metaphases for each culture. 


T-test was adopted ta determine whether there is 
any significant difference between the experiment 


groups and the controls. 


2 Results 


2.1 Influence of PEMFs on the frequency of ch- 
romosomal aberrations 

The resuits of the frequency of chromosomal aber- 
rations are listed in Tabie 1. It showed: (Dthe ionger 
the time exposed, the more percentages of chromoso- 
mai aberrations were obtained; Q among the chromo- 
somal aberrations analyzed in exposed groups, chromo- 
somal and chromatid breaks were the most frequent. 
then the gaps (Plate I ; 1-4). 
2.2 The relation between the chromosomal brea- 
ks, gaps induced by PEMFs and the fragile sites 

After exposed by PEMFs for different intervals, 
both of chromosomai breaks and gaps increased (Table 
i}. The relation between the chromosomal breaks, 
gaps induced by PEMFs and fragile sites was summa- 
rized in Table 2, and the localizations of some breaks 
and gaps could be seen from the chromosomal G-bind- 
ing photographs (Plate I: 5 - 9). Of the induced 
breaks (totally 293) and gaps (totally 71), about 
56% of the breaks and 42% of the gaps took place at 
the points of chromosomal common fragile sites ( Table 
2). 
2.3 Influence of PEMFs on the frequency of SCE 

The frequency of SCE was determined by analyz- 
ing 100 metaphases for each culture. With respect to 
the SCE ievels per cell, as can be seen in Table 3. 
no significant variability was observed between the cells 
exposed to PEMFs of 100 kHz and 200 kHz for 12 or 
24 hours and the controls. However , the increase in 


the rate of the exchanges was significant ( P « 0.05) 


Table 1 The frequency of chromosomal aberrations of domestic pig lymphocytes exposed in vitro to PEMFs 


for different periods 














Exposure 100 kHz 200 kHz 

ume (bh) 4 B D R Q T G Tod% A B D R Q T G Totali% 
0 | 23 0 l 2 0 3 10 0 19 0 0 2 0 5. 87 
12 2 38 1 0 7 8 T. 86 2 36 |! l 3 0 9 17,3" 
24 3 4 1 1 4 $ 10 23.3: 4 47 2 D 7 5 12 25,7 
48 3 6 1 2 8 12 15 3T 3 69 2 1 8 9 18 36,7" 


A; aneuploidy; B; breaks; D: dicentes; R; nngs: Q: quadnradials; T; trradials; G: gaps. 
* means significant difference between the control and exposnre group (P « 0.05). 
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Table 2 The distribution of chromosomal breaks. gaps 
induced by PEMFs 








Fragile Number Number Fragile Number Number 
siles of breaks of gaps sites of breaks of gaps 
1p22 1 0 6432 8 2 
lpl4 6 l "yl LI 3 
lql1 10 2 742 7 I 
1q26 9 l Bqi2 u l 
3pl4 6 0 9q21 4 1 
2412 2 0 tql2 5 2 
3pl4 1 2 go 13 3 
30414 8 3 13q34 6 D 
4pl4 4 0 13g46 5 1 
6p12 ? l 14426 8 0 
6428 5 2 15ql4 3 l 
6431 7 1 13421 LO 2 
Total 70 13 Total 94 17 


Table 3 The frequency of SCE induced by PEMFs 





100 kHz 200 kHz 
time (h) SCE per metaphase SCE per metaphase 
0 10.1 22.2 11.422.1 
12 9.8+1.9 10.5 x2.6 
24 L1.5z 101.4 12.1 22.2 
48 14.5x1.9" 15.5x1.8" 


* means significant difference relative ta the control group ( P < 0.05); 
SCE 15 represenied by mean + 5D. 


when cells were continuously exposed to PEMFs of 100 
kHz and 200 kHz for 48 hours. 


3 Discussion 


With the development of industry and communica- 
tion, more and more eleciromagnetic fields are existing 
in occupational and residential environment. It is nec- 
essary to evaluate the potential harm of electromagnetic 
fields. We have found that PEMFs with different param- 
eters can disturb many biological processes including 
the effects on human lymphocyte immunity and on the 
low permeability-resisting of human red blood cell mem- 
brane (Zou et al., 1999). The results of the present 
studies indicated that the exposure of PEMFs of 100 
kHz and 200 kHz could lead to cytogenetic effects on 
peripheral pig lymphocytes in vitro. These results are 
in consistence wiih previous reports having discovered 
that in vivo and in vitro exposures of animal or human 
cells to electromagnetic fields may have cytogenetic ef- 
fects (Ambrosio et al., 1985; Khalil & Qassem, 
1991; 1993). 

We also found that many breaks and gaps induced 


by PEMFs in the pig genome took place at some specific 
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sites on chromosomes. Those points are fragile sites. 
Fragile sites on chromosomes are non-randomly dis- 
tributed points at which the chromosomes are liable to 
break under the influence of some factors. Often these 
factors are some chemical agents, including thymidine 
starvation , carcinogens and  clastogens 
(Yunis et al., 1987). However, we discovered that 
PEMFs could also cause chromosomes to break at the 


fragile sites. This is the first time to report that PEMFs 


mutagens , 


could induce the expression of fragile sites. Although 
many results had been reported about the chromosomal 
aberrations induced by PEMFs, it was not sure why 
PEMFs could cause such effect. Most of these breaks 
and gaps induced by PEMFs were located at the fragile 
sites from our results {Table 2). This suggested that the 
fragile sites might be the structural basis of cytogenetic 
effects induced by PEMFs, despite some other forms of 
chromosome aberrations were observed in our studies. It 
means that fragile sites are sensitive to the exposure of 
PEMFs. 

It is known that the exposure to electromagnetic 
fields does not affect the baseline SCE frequency in cul- 
tured bovine lymphocytes (Ambrosio et al., 1985). 
Chinese hamster V79 cells (Takahashi et al., 1987) 
and lymphocytes from human ( Khalil & Qassem, 
1993). Although our results for the two shorter expo- 
sure periods (12 and 24 hours) were consistent with 
these findings. the significant increase in SCE level 
was observed in the continuously exposed groups for 48 
hours. This is consistent with the report of Khalil & 
Qassem (1991), in which the SCE of human lympho- 
cytes increased after continuously exposed to PEMF for 
72 hours. Because the parameters of our PEMFs were 
not the same as Khalil’s, it is hard to determine which 
parameter will have more effects than the others. The 
intensity of magnetic field used by Khalil was much big- 
ger than that of ours (our intensity of magnetic field was 
near zero), and on the other hand, his frequency of 
magnetic field was lower. However, to produce the sig- 
nificant difference of SCE, our exposure time was only 
48 hours. According to previous results (Zou et al., 
2000). perhaps the intensity of PEMFs was not the key 


factor to determine what biological effects would be pro- 
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duced, and maybe the PEMFs in this experiment 
played a strong role than the low frequent PEMFs did. 
Because chromosome damage is always a sensitive 


indicator for the influences of environmental physical or 


chemical factors, our results demonstrated that electro- 
magnelic fields could damage chromosome and DNA of 
domestic pig lymphocytes in vitro . 


Explanation 


] - 4 are the photographs of pig chromosomes stained with Giemsa and are 
showing Lhe breaks or gaps induced by PEMFs. 


. la is showing the gap of No.1 chromosome; lb is showing the chro- 
matid break of No.7 chromosome. 

. Showing chromatid break . 

. ĝa is showing the break of No.13 chromosome ; 3h is showing the gap 
of No.1 chromosome. 

4, 4a is showing the hreak of No.6 chromosome ;4b is showing the chro- 

matid break . 


‘at tnd 


5-9 are the G-banding chromosomes showing the localizations of breaks 
vr gaps induced bv PEMFs. 

5. Showing the gap took place at 16q21 

6. 6a is showing Lhe gap took place at 13431 and 6b is showing the gap 
took plave at 1p14 

7. showing the gap took place at 6q32. 

. showing the gap took place at 6q28. 

9. showing the break took place at 4p14. 


oc 
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